Résumé. 2014 Nous présentons une extension au cas de champs électriques alternatifs de la théorie des instabilités hydrodynamiques due à Helfrich. Les effets électrohydrodynamiques sont décrits par deux équations couplées pour la densité de charge (q) et la courbure locale de l'alignement moléculaire (03C8). Le Abstract. 2014 We present an extension of the Helfrich theory of hydrodynamic instabilities to the case of alternating electric fields. The electrohydrodynamic effects are described by two coupled equations for the charge density (q) and the local curvature of the molecular alignment (03C8). The relaxation time for q is the dielectric relaxation time 03C4 (~ 10-2 s in typical samples). The relaxation time T for 03C8 is strongly dependent on the field magnitude. Provided that the sample thickness d is above a certain limit dc, the nature of the instability is very different, depending on the ratio of the field frequency 03C9 to a critical frequency 03C9c. For 03C9 03C9c the onset of instability corresponds to a charge q which oscillates at the frequency 03C9, while the curvature 03C8 is essentially time independent. For 03C9 &#x3E; 03C9c the situation at threshold corresponds to a constant q and an oscillating 03C8. These predictions, together with the calculated curves of threshold voltage vs 03C9 and d, are in reasonable agreement with a number of recent experiments.
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In the present paper, we describe some theoretical calculations of the first threshold Vc : this threshold is not the most interesting quantity from the point of view of optoelectronic applications, but it is the best probe available for fundamental studies. Many effects contribute to Vc. A very lucid description of the state of affairs in given in the work of Rondelez [5] . Following his discussion, we must carefully distinguish the cases of Dc [9] , is to introduce time dependent equations, where the time lags associated with the charge response and with the orientational response of the liquid crystal are taken into account. Just as in ref. [9] our description contains certain oversimplifications : if the sample is parallel to the xy plane, with the molecules along x in the unperturbed state and the electric field along z (see Fig. 1 ), we assume that all physical quantities depend only of x, not of y or z : the only type of deformation which is taken into account is a pure bending mode. This is qualitatively correct, as shown by a number of récent experiments. However, near the walls, the « director » n must also dépend on z to satisfy the correct boundary conditions. In our approximate treatment, this is not taken into account ;
we simply say, as in ref. [9] , that the wavelength of the fluctuating mode along x cannot be much larger than the sample thickness (1) . A more detailed three dimensional analysis could be attempted, but the present, rough approach allows for much more physical insight.
In section II, we rederive the fundamental dynamic equations describing the charge flow and the changes in molecular orientation, based on the hydrodynamic theories of Ericksen [11] and Leslie [12] , [13] . ( (4) where 1f and û are the elastic and viscous stress tensor [11] , [15] We use for Ù' the notation of ref. [16] [5] , [17] , [18] . Finally, inserting eq. (II, 19) in eq. (IV, 13) one obtains It must be noted that, from eq. (IV, 14) , the field threshold does not depend on the wave vector k : thus it is independent of sample thickness [5] , [17] , [18] . This is very different from the conduction regime (w wc) where the voltage threshold was independent of thickness. The existence of a field threshold for w &#x3E; Wc is well confirmed by the experiments [17] .
fl) Spatial experimental curve E2(w) is in a good agreement with the one that can be deduced from the first set (X0m, Yji) [17] . The agreement between theory and experiment is less good for the slope of E 0 2(CO) . The slope of this curve depends on the conductivity of the material, and does not remain constant when w increases. It appears [17] that the agreement between the theoretical and experimental slopes is reasonable only for small values of k2. The discrepancy that occurs for high values of k2 could be due to the effects of the diffusion currents (see Appendix A).
It must be emphasized that, in this regime, the space charge is time independent, but the curvature (and the molecular preferred orientation) has a rather complicated oscillation with period 2 n/w. (tf(t))2 is shown on figure 5 . The local dielectric tensor oscillates with the same period. We can then legitimately call this regime a « dielectric regime ». figure 6 .
Our investigation will be mainly concerned with the « conduction regime », which will turn out to be often dominant here. The fundamental equation is still eq. (III, 9), which applies for both signs of Ea. We may rewrite (III, 9) in a form where the role of the dielectric anisotropy is more apparent. From thermodynamic inequalities [16] 
